













Low Speed Wind Tunnel Test of
Propulsive Wing/Canard Concept
in the STOL Confisuration











(B&SA-CE-1783q9) LGH S_EED _15£ TUHHEL TEST
C_ A EEOPULSI_E WlBG/C&_AED C(ICEP¢ IN THE
S_CL CC_ilGUBil'ICl. VCLUHE 2: _ES"_ DATA
(Ecckwell Interr, aticnal Coz_.) q05 p Unclas















Low Speed Wind Tunnel Test of a
Propulsive Wing/Canard Concept
in the STOL Configuration
Volume II: Test Data
i




Col u tabu $.
INTERNATIONAL CORPORATION
Ohio 43216



























A propulsive wing/canard model has been tested at STOL operating conditions
in the NASA Langley Research Center 4 x 7 meter wind tunnel. Longitudinal
and lateral/directional aerodynamic characteristics were measured for
various flap deflections, angles of attack and sideslip, and blowing
coefficients. Testing was conducted for several model heights to determine
ground proximity effects on the aerodynamic characteristics. Flow field
surveys of local flow angles and velocities were performed behind both the
canard and the wing.
This report consists of two volumes. Volume I (NASA CR-178348) describes
the model, instrumentation, and test procedures; and includes an analysis
of the data. Volume II (NASA CR-178349) contains all of the test data in
three appendices. Appendix A presents tabulated six component force and
moment data, Appendix B presents tabulated wing pressure coefficients, and
Appendix C presents the flow field data.
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LISTOF SYMBOLS
Following is a list of computer generated expressions used in Volume II










































Model Angle of Attack
Model Angle of Sideslip
Reynolds Number
Height above Floor, Inches
Lift Coefficient, Stability Axis
Drag Coefficient, Stability Axis
Pitching Moment Coefficient, Stability Axis
Rolling Moment Coefficient, Stability Axis
Yawing Moment Coefficient, Stability Axis
Side Force Coefficient, Stability Axis
Normal Force Coefficient, Body Axis
Axial Force Coefficient, Body Axis
Pitching Moment Coefficient, Body Axis
Rolling Moment Coefficient, Body Axis
Yawing Moment Coefficient, Body Axis
Side Force Coefficient, Body Axis
Canard Blowing Coefficient
Wing Blowing Coefficient
Total (Canard + Wing) Blowing Coefficient
Thrust Removed Lift Coefficient
Thrust Removed Drag Coefficient
Thrust Removed Pitching Moment Coefficient
Probe Height above Ground, Inches
Probe Location Relative to Canard Nozzle, Inches
Height from Ground to FRL, Inches
Canard Deflection (Incidence), Degrees
Canard Flap Deflection, Degrees
Wing Flap Deflection, Degrees
Ratio of Nozzle Span to Surface Span, Wing
Ratio of Nozzle Span to Surface Span, Canard



































LIST OF SYMBOLS (Cont'd)
Tabulated Wing Pressure Data
Test Run Number
Test Point Number
Model Angle of Attack
Model Angle of Sideslip
Model Height Above Ground, Inches
Percent of Local Chord
Butt Plane Measured from Fuselage Mold Line
Tabulated F1ow Field Data
Test Run Number




Velocity Feet/Second (Number denotes probe)
Local Angle of Attack at Probe








wing Surface Pressure Tap Locations ........
Location of Flow Field Survey Rake with
Respect to Model .................
Profile View of Model with Survey Rake in
Vertical Position Aft of Trailing Edge of
Wing Flap .....................
Nose-On View of Model with Survey Rake in
Horizontal Position Aft of Trailing Edge


































Propulsive Wing Test Run Schedule .........
Range of Variables for Run Schedule ........


























This volume lists the conditions for all data runs performed (see
Tables I, 2, and 3) and tabulates the results obtained. These results
are tabulated in Appendices A, B, and C of this volume for force data,
wing surface pressure data, and flow field (rake survey) data. The
force data of Appendix A reflects the output from the 6-component
internal balance-converted into coefficient form. Figure I shows
the location of all wing surface tap locations used during the
generation of the Appendix B data; Figures 2, 3, and 4 describe
the flow field survey rake used during the acquisition of the
Appendix C _ow field data.


















































































































D D D B B C C H REMARKS
E E E N N M M /
L L L / / O U C
C F ¥ B B W C
C W W C
o o 1 1 o p -
0 0 1 1 0 0 -
0 0 1 1 0 0 -
0 0 1 1 1.0 0.5 -
0 0 1 1 2.0 1.0 -
0 "" 0 1 1 0 0 - REPEATOF RUN100
0 0 1 1 0.5 0.25 -
0 0 1 1 1.0 0.5 - REPEATOF RUN 103











A - - 0 I - 0 - -
A - - 0 I - 0.5 - -
A - - 0 1 - 1.0 - -
A - - 0 1 - 2.0 - -
A - - 0 I - 0 - -
A - - 0 i - 0.5 - -
A - - 0 I - 1.0 - -
A - - 0 1 - 2.0 - -
WT. TARE
A - - 0 I - 0 - -
A - - 0 1 - 0.5 - -
A - - 0 1 - 1.0 - -
A - - 0 I - 2.0 - -
A - - 0 1 - 0 - -
A - - 0 1 - 0.5 - -
A - - 0 1 - 1.0 - -
A - - 0 I - 2.0 - -
WT. TARE
A 0 0 - - 1 - 0 -
A 0 0 - - 1 - 0.25 -
A 0 0 - - I - 0.5 -








A - - 45 1 - 0 - -
A - - 45 1 - 0.5 - -
A - - 45 1 - 1.0 - -
A - - 45 1 - 2.0 - -
A - - 45 i - 0.5 - -
A - - 45 1 - 1.0 - -
A - - 45 1 - 2.0 - -
0 - - 45 I '- 0 - -
0 - - 45 1 - 0.5 - -
0 - - 45 1 - 1.0 -




































































TABLE 1 PROPULSIVE WING TEST RUN SCHEDULE (Cont'd)
Q B A D D D B B C C H REM._.KS
E L E E E N N M M /
T P L L L / / U U C
A B C F Y B B W C
A C W W C
16.5 A 8 - - 45 1 - 0.5 - -
10.5 A 8 - - 45 1 - 1.0 - -
5.25 A 8 - - 45 I - 2.0 - -
5.25 A 0 - - 45 I - 2.0 - -
30 0 A - - 45 I - 0 - -
30 5 A - - • 45 I -. 0 - -
30 A 0 - - 45 I - 0 - -
30 A 8 - - 45 I - 0 - -
16.6 A 8 - - 45 I - 0.5 - -
16.6 A 0 - - 45 1 - 0.5 - -
16.6 5 A - - 45 I - 0.5 - -
16.6 0 A - - 45 1 - 0.5 - -
10.5 0 A - - 45 I - 1.0 - -
10.5 5 A - - 45 I - 1.0 - -
10.5 A 0 - - 45 I - 1.0 - -
I0.5 A 8 - - 45 I - 1.0 - -
5.25 A 8 - - 45 I - 2.0 - -
5.25 A 0 - - 45 1 - 2.0 - -
5.25 5 A - - 45 1 - 2.0 - -
5.25 0 A - - 45 1 - 2.0 - -
2.62 0 A - - 45 1 - 4.0 - -




30 0 A 0 45 45 I I 0 0
30 5 A 0 45 45 I I 0 0
30 A 0 0 45 45 I I 0 0




21 0 A 0 45 45
I0.5 0 A 0 45 45
5.25 0 A 0 45 45
2.62 0 A 0 45 "45
21 5 A 0 45 45
10.5 5 A 0 45 45
5.25 5 A 0 45 45
1.31 0 A 0 45 45
21 A 0 0 45 45
21 A 8 0 45 45
10.5 A 8 0 45 45
10.5 A 0 0 45 45
5.25 A 0 0 45 45
5.25 A 8 0 45 45
30 5 A 0 45 45
21 5 A 0 45 45
10.5 5 A 0 45 45
5.25 5 A 0 45 45
30 0 A 0 45 45
21 0 A 0 45 45
10.5 0 A 0 45 45
5.25 0 A 0 45 45
30 0 A 0 45 45
THRUST CALIERATION
30 0 A i0 45 45
I I 0.5 0.25 -
I I 1.0 0.50 -
I I 2.0 1.0 -
I 1 4.0 2.0 -
I I 0.5 0.25 -
1 1 1.0 0.5 -
i 1 2.0 1.0 -
I I 8.0 4.0 -
1 1 0.5 0.25 -
I I 0.5 0.25 -
1 1 1.0 0.5 -
I I 1.0 0.5 -
I I 2.0 1.0 -
I i 2.0 1.0 -
I i 0 0 -
I I 0.5 0.25 -
I 1 1.0 0.5 -
I 1 2.0 1.0 -
I 1 0 0 -
I I 0.5 0.25 -
1 1 1.0 0.5 -
i i 2.0 1.0 -
1 1 0 0 -





























































TABLE l PROPULSIVE WING TEST RUN SCHEDULE (Cont'd)
Q B A D D D B B C C H REMARKS
E L E E E N N M M /
T P L L L / / U U C
A E C F ¥ B B W C
A C W W C
21 0 A 10 45 45 1 I 0.5 0.25 -
10.5 0 A 10 45 45 1 1 1.0 0.5 -
5°25 0 A I0 45 45 1 1 2.0 1.0 -
THRUST CALIBRATION
30 0 A 0 45 - - 1 - 0 -
21 0 A 0 45 - - 1 - 0.25 -
10.5 0 A 0 45 - - 1 - 0.5 -
5.25 0 A 0 45 - - 1 - 1.0 -
2.62 0 A 0 45 - - 1 - 2.0 -




30 0 A 0 45 30 1 1 0 0 -
21 0 A 0 45 30 1 1 0.5 0.25 -
10.5 0 A 0 45 30 1 1 1.0 0.5 -
5.25 0 A 0 45 30 1 1 1.0 2.0 -
NOZZLE CALIBRATION
30 0 A - - 30 1 - 0 - -
21 0 A - - 30 1 - O o5 - -
10.5 0 A - - 30 1 - 1.0 - -
5.25 0 A - - 30 1 - 2.0 - -
2.62 0 A - - 30 1 - 4.0 - -
1.31 0 A - - 30 1 - 8.0 - -
WT. TARE & NOZZLE CALIBRATION
THRUST CALIBRATION
30 0 A 0 30 30 1 1 0 0 -
21 0 A 0 30 30 1 1 0.5 0.25 -
10.5 0 A 0 30 30 1 1 1.0 0.5 -
5.25.0 A 0 30 30 1 1 2.0 1.0 -
2.62 0 A 0 30 30 1 1 4.0 2.0 -









WT TARE & NOZZLE CALIBRATION
A 0 30 - - 1 - 0 -
A 0 30 - - 1 - 0.25 -
A 0 30 - - 1 - 0.5 -
A 0 30 - - I - 1.0 -
NOZZLE CALIBRATION
WT. TARE & THRUST CALIBRATION
A - - 15 1 - 0 - -
A - - 15 1 - 0.5 - -
A - - 15 I - 1.0 - -
A - - 15 1 - 2.0 - -
NOZZLE CALIBRATION
WT. TARE
30 0 A 0 15 15 1 1 0 0 -
21 0 A 0 15 15 1 1 0.5 0.25 -
10.5 0 A 0 15 15 1 1 1.0 0.5 -
5.25 0 A 15 15 1 1 2.0 1.0 -
WT. TARE & THRUST CALIBRATION
30 0 A 0 15 - - 1 - 0 -
21 0 A 0 15 - - 1 - 0.25 -
10.5 0 A 0 15 - - 1 - 0.5 -
5.25 0 A 0 15 - - 1 - 1.0 -
WT. TARE & NOZZLE CALIBRATION
THRUST CALIBRATION

















































































TABLE 1 PROPULSIVE WING TEST RUN SCHEDULE (Cont'd)
Q B A D D D B B C C H REMARKS
E L E E E N N M M /
T P r. L L / / U U C
A H C F F B B W C
A C W W C
10 0 D - - 45 I/4 - 0.5 - -
5 0 D - - 45 I/4 - 1.0 - -
2.5 0 D - - 45 1/4 - 2.0 - -
2.5 5 D - - 45 1/4 - 2.0 - -
5 5 D - - 45 1/4 - 1.0 - -
10 5 D - - 45 i/4 - 0.5 - -
30 5 D - - 45 I/4 - 0 - -
30 0 D - - 45 I/4 - 0 - -
10 0 D - - 45 1/4 - 0.5 - -
10 5 D - - 45 I/4 - 0.5 - -
5 5 D - - 45 I/4 - 1.0 - -
5 0 D - - 45 1/4 - 1.0 - -
2.5 0 D - - 45 I/4 - 2.0 - -
2.5 5 D - - 45 I/4 - 2.0 - -
30 § D - - 45 I/4 - 0 - -
NOZZLE CALIBRATION
THRUST CALIBRATION
30 5 D - - 45 1/2 - 0 - -
30 0 D - - 45 1/2 - 0 - -
12 0 D - - 45 I/2 - 0.5 - -
6 0 D - - 45 1/2 - 1.0 - -
3 0 D - - 45 1/2 - 2.0 - -
3 5 D - - 45 1/2 - 2.0 - -
6 5 D - - 45 1/2 - 1.0 - -
12 5 D - - 45 1/2 - 0.5 - -
30 0 D - - 45 I/2 - 0 - -
30 5 D - - 45 1/2 - 0 - -
12 5 D - - 45 I/2 - 0.5 - -
6 5 D - - 45 1/2 - 1.0 - -
3 S D - - 45 I/2 - 2.0 - -
1.5 0 D - - 45 1/2 - 4.0 - -
3 0 D - - 45 I/2 - 2.0 - -
6 0 D - - 45 1/2 - 1.0 - -
12 0 D - - 45 1/2 - 0.5 - -
WT. TARE& NOZZLE CALIBRATION
THRUST CALIBRATION
30 0 D 45 0 45 1/2 1 0 0 -
30 S D 45 0 45 1/2 I 0 0 -
12 5 D 45 0 45 1/2 1 0.5 0.25 -
6 5 D 45 0 45 1/2 1 1.0 0.5 -
3 5 D 45 0 45 1/2 1 2.0 1.0 -
1.5 5 D 45 0 45 I/2 I 4.0 2.0 -
3 0 D 45 0 45 1/2 I 2.0 1.0 -
6 0 D 45 0 45 i/2 I 1.0 0.5 -













- - 45 1/2 - 0 - A NOTE 1
- - 45 1/2 - 0 - A NOTE I
- - 45 i/2 - 0.5 - A NOTE 1
- - 45 1/2 - 0.5 - A NOTE I
- - 45 1/2 - 1.0 - A NOTE 1
- - 45 I/2 - 1.0 - A NOTE I
- - 45 1/2 - 1.0 - A NOTE 2
- - 45 I/2 - 2.0 - A NOTE 2
- - 45 1/2 - 2.0 - A NOTE 2
- - 45 1/2 - 1.0 - A NOTE 2
- - 45 1/2 - 0.5 - A NOTE 2




CONFIG Q B A D D D B B C C H REMARKS
E L E E E N N M M /
T P L L L / / U U C
A H C F F B B W C


























































12 0 0 - - 45 1/2 - 0.5 -
12 O O - - 45 1/2 - 0 -
12 5 8 - - 45 1/2 - 0 -
3___ ....p.....- - 45 IZ2 - 2.0 -
NOZZLE CALIBRATION
WEIGHT TARE & THRUST CALIBRATION
30 0 0 - - 45
21 0 0 - - 45
10.5 0 0 - - 45
5.25 0 0 - - 45
2.62 0 0 - - 45
1.31 0 0 - - 45
1.31 0 6 - - 45
2.62 0 8 - - 45
2.62 0 0 - - 45
5.25 0 0 - - 45
5.25 0 8 - - 45
5.25 5 8 - - 45
5.25 5 0 - - 45
10.5 5 0 - - 45
10.5 5 8 - - 45
10.5 0 8 - - 45
10.5 0 0 - - 45
21 0 0 - - 45
21 0 8 - - 45
21 5 8 - - 45
21 5 0 - - 45
30 5 0 - - 45
30 5 8 - - 45
30 0 8 - - 45
30 0 0 - - 45
30 0 E - - 45
16.6 0 E - - 45
10.5 0 E - - 45
5.25 0 E - - 45
1.31 0 E - - 45
2.62 0 E - - 45
1 - 0 -
1 - 0.5 -
I - 1.0 -
1 - 2.0 -
1 - 4.0 -
1 - 5.0 -
1 - 8.0 -
1 - 4.0 -
1 - 4.0 -
1 - 2.0 -
1 - 2.0 -
1 - 2.0 -
I - 2.0 -
1 - 1.0 -
1 - 1.0 -
1 - 1.0 -
I - 1.0 -
1 - 0.5 -
1 - 0.5 -
i - 0.5 -
1 - 0.5 -
1 - 0 -
1 - 0 -
1 - 0 -
1 - 0 -
1 - 0 -
1 - 0.5 -
1 - 1.0 -
1 - 2.0 -
1 - 8.0 -
1 - 4.0 -
THRUST CALIBRATION
30 0 E 0 45 45 I
21 0 E 0 45 45 1






























" REPEAT OF RUN 163
- REPEAT OF RUN 170
- REPEAT OF RUN 171
- REPEAT OF RUN 178
- REPEAT OF RUN 180
- REPEAT OF RUN 179
I 0 0 -
1 0.5 0.25 -
I 1.0 0.5 -
REPEAT OF RUN 184
REPEAT OF RUN 192
REPEAT OF RUN 193
5.25 0 E 0 45 45 I
2.62 0 E 0 45 45 I
1.31 0 E ' 0 45 45 I
30 0 0 0 45 45 I
2.62 0 0 0 45 45 1
I. 31 0 0 0 45 45 I
5.25 0 0 0 45 45 I
i0.5 0 0 0 45 45 I
21 0 0 0 45 45 1
21 0 B 0 45 45 1
I0.5 0 B 0 45 45 I
5.25 0 B 0 45 45 i
THRUST CALIBRATION
21 0 0 0 45 - -
I0.5 0 0 0 45 - -
5.25 0 0 0 45 - -
1 2.0 1.0 - • REPEAT OF RUN 194
I 4.0 2.0 -
I 8.0 4.0 -
I 0 0 A
I 4.0 2.0 A
I 8.0 4.0 A
I 2.0 1.0 A
1 1.0 0.5 A
1 0.5 0.25 A
1 0/.5 0.25 -
1 o/1 0.5 -
I 0/2 1.0 -
REPEAT OF RUN 195










1 -- 0 --
1 - 0.5 -
1 - 1.0 -
RAKE LOC. I, NOTE 7
RAKE LOC. I, NOTE 7










































































TABLE 1 PROPULSIVE WING TEST RUN SCHEDULE
Q B A D D D B B C C H
E L E E E N N M M /
T P L L L / / U U C
A H C Y F B B W C
A C W W C
(Cont'd)
REHARKS
21 0 0 0 45 - - I - 0 -
21 0 0 0 45 - - i - 0 -
10.5 0 0 0 45 - - I - 0.5 -
5.25 0 0 0 45 - - 1 - 1.0 -
BALANCE CHECK
21 0 0 0 45 - - 1 - 0 -
10.5 0 0 0 45 - - 1 - 0.5 -
5.25 0 0 0 45 - - I - 1.0 -
21 0 0 0 45 - - I - 0 -
10.5 0 0 0 45 - - i - 0.5 -
5.25 0 0 0 45 - - i - 1.0 -




21 0 0 0 0 - - I - 0 -
THRUST CALIBRATION
10.5 0 0 0 0 - - I - 0.5 -
5.25 0 0 0 0 - - 1 - 1.0 -
V 0 0 0 0 - - 1 - 0 -
V 0 0 0 0 - - 1 - 0 -
21 0 0 0 0 - - 1 - 0 -
10.5 0 0 0 0 - - 1 - 0.5 -
5.25 0 0 0 0 - - I - 1.0 -
V 0 0 0 0 - - 1 - 0 -
21 0 0 0 0 - - 1 - 0 -
10.5 0 0 0 0 - - 1 - 0.5 -
5.25 0 0 0 0 - - 1 - 1.0 -
V 0 0 0 0 - - I - 0 -
21 0 0 0 0 - - 1 - 0 -
10.5 0 0 0 0 - - I - 0.5 -
5.25 0 0 0 0 - - 1 - 1.0 -
V 0 0 0 0 - - I - 0 -
21 0 0 0 0 - - 1 - 0 -
10.5 0 0 0 0 - - 1 - 0.5 -
5.25 0 0 0 0 - - I - 1.0 -
V 0 0 0 0 - - I - 0 -
21 0 0 0 0 - - 1 0 -
10.5 0 0 0 0 - - 1 0.5
5.25 0 0 0 0 - - 1 1.0
BALANCE CHECK PITCH
BALANCE CHECK YAW
RAKE LOC. 2, NOTE 7
REPEAT OF RUN 394
I_.KE LOC. 2, NOTE 7
RAKE LOC. 2, NOTE 7
RAKE LOC. 3, NOTE 7
RAKE LOC. 3, NOTE 7
RAKE LOC. 3, NOTE 7
RAKE LOC. 4, NOTE 7
RAKE LOC. 4, NOTE 7
RAKE LOC. 4, NOTE 7
NOTE 6
RAKE LOC. 6, NOTE-7
RAKE LOC. 6, NOTE 7
RAKE LOC. 6, NOTE 7
RAKE LOC. 6, NOTE 7
RAKE LOC. 8, NOTE 7
RAKE LOC. 8, NOTE 7
RAKE LOC. 8, NOTE 7
RAKE LOC. 8, NOTE 7
RAKE LOC. 7, NOTE 7
RAKE LOC. 7, NOTE 7
RAKE LOC. 7, NOTE 7
RAKE LOC. 7, NOTE 7
RAKE LOC. 5, NOTE 7
RAKE'LOC. 5. NOTE 7
RAKE LOC. 5, NOTE 7
RAKE LOC. 5, NnTE 7
RAKE LOC. 9, NOTE 7
RAKE LOC. 9, NOTE 7
RAKE LOC. 9, NOTE 7
RAKE LOC. 9, NOTE 7
RAKE LOC. IO,NP.TE 7
RAKE LOC. IO,NOTE 7
RAKE LOC. IO,NOTE 7
RAKE LOC. 10, NOTE 7
GROUND BELT VELOCITY IS EQUAL TO FREE STREAM VELOCITY BOUNDARY LAYER SUCTION IS ON
GROUND BELT VELOCITY IS ZERO BOUNDARY LAYER SUCTION IS ON
GROUNDBELT VELOCITY IS ZERO BOUNDARYLAYER SUCTION IS OFF
GROUNDBELT VELOCITY IS ZERO BOUNDARYLAYER SUCTION IS ON
RIGHT HANDWING BLOWINGCOEFFICIENT IS ZERO
MODEL LOWEREDFOR RAKE ZERO. USE AS RAKE CALIBRATION ANGLES FOR CLEAN TUNNEL.
RUNS 405, 413, 415, 419, 420, 427, AND 431
REFER TO TABLE 3 FOR SPECIFIC RAKELOCATIONS
TABLE 2 RANGE OF VARIABLES FOR RUN SCHEDULE
• ALPHA RANGES
A -2, O, 2, 4, 6, 8, lO, 12, 14, 16, 18, 20, 22
B O, 4, 12
• BETA RANGE
A -15, -lO, -6, -4, -2, O, 2, 4, 6, 8, lO, 15
• H/C RANGE
A 0.5, l.O, 2.0, FREE AIR
• Q RANGE

















TABLE 3 SUR_EY RAKE LOCATIONS



















































X = XO + (Hmodel + 3 - HP) sin 7.25 deg.
Probes are 2 inches apart. Seven probes on the rake.




WING STATIC PRESSURETAP LOCATIONS
Yw (Distance to Root Chord)
% 2 5 12 16 22
Chord Up Lwr Up Lwr Up Lwr Up Lwr Up Lwr
0 L.E. L.E. L.E. L.E. L.E.
Z.5 X X X X X X X X X X
5 X X X X X X X X X X
10 X X X X X X X X X X
15 X X X X x
24 X X X X X X X X X X
33 X X X X X X X X X X
54 X X X X X X X X X X
65 X X ! X X X
73.5 X I X X X X
78.5 X X I X X X
79.5 X ! i X ! X X X
80.5 X X X X X
81.25 X X X x X
82 X X X X X
84 X X X X X X X X X X
87 X X X X X
89 X X X X X
93 X X X X
96 X X X X X X X X X
100 T.E. T.E. T.E T.E T.E























X = Xo + (H-HP +3) sin 7.25
--{_
2" (TYPICAL)







Figure 3 Profile View of Model with Survey Rake in Vertical



















Figure 4 Nose-On View of Model with Survey Rake in Horizontal
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